There are 3 recognized coronaviruses of swine: transmissible gastroenteritis virus (TGEV), l,2 porcine epidemic diarrhea virus (PEDV), 4 and porcine respiratory coronavirus (PRCV). 6 The TGEV and PRCV cross-react serologically and are closely related. The PEDV is not serologically related to TGEV or PRCV.
Robert M. Phillips, Ralph B. Westerman
There are 3 recognized coronaviruses of swine: transmissible gastroenteritis virus (TGEV), l,2 porcine epidemic diarrhea virus (PEDV), 4 and porcine respiratory coronavirus (PRCV). 6 The TGEV and PRCV cross-react serologically and are closely related. The PEDV is not serologically related to TGEV or PRCV.
Transmissible gastroenteritis virus causes a highly contagious disease of swine characterized by vomiting, diarrhea, and dehydration. 1, 2 High mortality occurs in pigs that are ≤ 10 days of age when exposed to TGEV. Pigs recovering from the disease may become chronic carriers of TGEV and a source of infection for susceptible animals. 3, 9 The carrier animal, especially older swine, are symptomless; therefore, breeding stock should be tested for TGEV antibodies before introduction into a susceptible herd. The serum neutralization (SN) test is the standard TGEV serologic test. 10 The SN test is a useful and valid test but may lack sensitivity. The enzyme-linked immunosorbent assay (ELISA) and the indirect fluorescent antibody test (IFAT) are possibly more sensitive. [4] [5] [6] The purpose of this study was to compare a newer approach, the enzyme immunofiltration assay (ELIFA) to the other 3 tests. The ELIFA is a more rapid assay and could decrease the time required for TGEV serology.
A total of 229 samples were taken from swine sera submitted to the diagnostic laboratory of the Department of Veterinary Diagnosis, College of Veterinary Medicine, Kansas State University, Manhattan, Kansas. The sera were inactivated at 56 C for 30 minutes prior to being used in the different tests.
The swine testicle (ST) cell line was obtained from the National Veterinary Service Laboratory (NVSL) at Ames, Iowa. These cells were used to produce viral antigen needed in the different tests. Cell cultures were maintained in minimum essential medium (MEM) with 5% irridated fetal calf serum, 5% iron-supplemented calf serum, 0.5% lactalbumin hydrolysate, and 5 µg gentamycin per ml.
The Purdue strain of TGEV was obtained from NVSL and propagated in ST cells. The stock virus was treated with trypsin at a final concentration of 5 µg/ml at for 30 minutes before inoculation onto confluent monolayers of ST cells (in 75-cm flask) at a multiplicity of infection of 10 tissue culture infective doses 50% (TCID 50 ) per cell. After adsorption at 37 C for 1 hour, the inoculum was removed, and MEM was added, supplemented with 5 µg trypsin per ml. The infected cultures were incubated at 37 C for 24 hours. When the cytopathic effect was approximately 95%, the virus was harvested and cultures were frozen. Received for publication February 7, 1991. Virus antigen preparation for the ELISA and ELIFA tests was similar to a method previously described. 7 The virus was harvested 24 hours after infection, frozen, and thawed one time. Cells were removed by centrifugation at 1,000 x g for 10 minutes. The virus was pelleted in an ultracentrifuge at 100,000 x g for 2 hours. The pellet was resuspended in 20 mM Tris-HC1 (pH 8.0), layered onto a 30% sucrose cushion in Tris-HC1 buffer, and centrifuged at 200,000 x g for 1 hour. The resulting pellet was resuspended in Tris-HC1 buffer, layered onto a linear 2M5% sucrose gradient, and centrifuged at 200,000 x g for 2 hours. Bands formed in the gradient were collected, dialyzed against phosphate-buffered saline (PBS, pH 7.2) overnight, and used as the antigen in tests.
Procedures for conducting the SN test for the detection of TGEV antibody have been published. 8 In this study, the standard test was done using 200-500 TCID 50 /0.025 ml of TGEV. Additional tests were done on sera negative in the standard test using 100-200 TCID 50 /0.025 ml and 10-100 TCID 50 /0.025 ml of TGEV.
The IFAT was done using ST cells in a standard procedure. Ten-well slides a were planted at a concentration of 25,000 cells per well, followed by the addition of 0.025 ml of MEM containing approximately 100 TCID 50 of TGEV. The viruses and cells were incubated at 37 C for 18-24 hours. A series of slides were harvested to determine the incubation time that resulted in at least 50 fluorescent cells per well. When this occurred, all slides were harvested, fixed in acetone, and frozen at -70 C until used. Sera to be tested were diluted 1:10 in PBS (pH 7.5) and added to the infected slides, which were then incubated at 37 C in a humidified incubator for 30 minutes. Slides were washed twice in PBS and once in distilled water and air dried. Anti-porcine IGG fluorescine conjugate was added to each well, and the slides were incubated for 30 minutes as before. The slides were washed 3 times, dried, mounted, and examined by fluorescent microscopy.
Ten sera taken from the 299 sera that were negative on all 4 of the different tests were used as negative controls in the ELIFA and ELISA tests. The standard SN test was used in determining the negative status of these 10 sera.
The protein content of the purified TGEV was determined by the Pierce protein assay kit. b Aliquots (100 µ1) of purified TGEV, at a concentration of 5 µg/ml diluted in carbonate buffer pH 9.6, were placed in wells of microtiter plates (Nunc-Immuno Plate 2). c Microtiter plates were incubated overnight at 4 C. The plates were washed 2 times with PBS (pH 7.2) using an ELISA plate washer (Denley 004-850), d then 100 µ1 of 2% crystalline bovine serum albumin (BSA) was added, and plates were incubated at 37 C for 1 hour. The plates were washed 2 times with PBS, and 100 µ1 of each serum diluted 1:100 in PBS was added to each well. The plates were in- cubated for 1 hour at 25 C and washed 3 times with PBS. One hundred microliters of horseradish peroxidase-conjugated goat anti-porcine IGG was added to each well, and plates were incubated for 30 minutes at 25 C. The plates were washed 5 times with PBS, and 100 µ1 of 2,2-Azino-di-(3-ethylbenzthiazoline sulfonate) (ABTS) substrate diluted in citric phosphate buffer (pH 5.3) ( 1 mg ABTS/ 10 ml substrate) was added; plates were incubated at room temperature for 20 minutes. The plates were read with an ELISA reader (Anthos 2001) d at 405 nm. Ten negative sera were used as negative controls, and a serum was considered positive when the ELISA was higher than the mean of the negative control by 3 times the SD.
The ELIFA test was done using the Pierce ELIFA system. b This filtration unit is made to fit over a 96-well microtiter plate. The unit is assembled with a nitrocellulose membrane between the top and bottom plates. Two hundred microliters of purified antigen diluted in 100 mM Tris-buffered saline (TBS, pH 7.5) was added to each well and drawn through the nitrocellulose membrane with a peristaltic pump. e Then 200 µ1 of 3% BSA in TBS was added to each well and drawn through the membrane; test sera were diluted 1: 100 in TBS, and 200-µ1 amounts were added to each well and pulled through the membrane. The membrane was washed once with 200 µ1 of TBS, and horseradish peroxidase-conjugated goat anti-porcine IGG f diluted in TBS with 2% normal goat serum was added using 200 µ1/well. The conjugate was pulled through, and the membrane was washed 3 times using 200 µ1 of TBS per well for each wash. The unit was separated, and a polyvinyl chloride microtiter plate was inserted in the unit. Two hundred microliters of ABTS substrate in citric phosphate buffer was pulled through the membrane, the microtiter plate was removed, and the plate was left at room temperature for 10 minutes before being read on the ELISA reader at 405 nm.
The purified antigen was used at 2, 5, 10, 15, and 20 pg/ ml in both the ELISA and ELIFA tests. Results using positive and negative control sera at dilutions of 1:25, 1:50, 1:100, 1:200, 1:500, and 1:1,000 indicated that the antigen used at 5 µg/ml and the sera diluted at 1: 100 gave the most consistent results. The anti-porcine IGG horseradish peroxidase conjugate was diluted at 1:100, 1:500, 1:1,000 1:3,000, and 1:5,000, with the best results in the ELIFA and the ELISA occurring at the 1:500 dilution. The amount of time needed to pull a solution through the nitrocellulose membrane in the ELIFA was regulated by the peristaltic pump. The times that provided the best results were 15 minutes for the TGEV, 10 minutes for the BSA, 5 minutes for the test sera, 4 minutes for the conjugate, and 5 minutes for the substrate. Results from the different tests indicate the ELISA and the ELIFA are the most sensitive tests when the standard SN test is used with 200-500 TCID 50 of TGEV (Table 1) . When the TGEV concentration was lowered to 10-100 TCID 50 , the SN test became as sensitive as the other 3 tests ( Table 2) . For TGEV at 10-100 TCID 50 , 36 sera positive by the SN test were negative by the IFAT test, but all sera negative on the IFAT were also negative on the SN. Comparing the SN test with the lower viral concentration to the ELISA, 4 sera were positive with the SN but negative with the ELISA, and 2 sera were positive with the ELISA but negative with the SN. Comparing the SN test with the 10-100 TCID 50 virus concentration to the ELIFA, 12 sera were positive with the SN but negative with the ELIFA, and 6 sera positive with the ELIFA were negative with the SN.
Using the SN test with 10-100 TCID 50 , the sensitivities and specificities, respectively, were 84.28% and 100% for the IFAT, 98.3% and 99.2% for the ELISA, and 94.76% and 97.38% for the ELIFA.
The ELIFA test is a rapid test that can be completed in 1-1.5 hours. The reagents and diluted sera from all 96 wells must come through the nitrocellulose membrane at the same rate or the results will become distorted. Some difficulty occurred with certain lots of membranes that produced distorted results because of uneven flows, necessitating the incorporation of a PBS rinse of each membrane lot to ensure that an even flow was possible. Two sizes of membranes are offered for the ELIFA, 0.22 nm and 0.45 nm. The 0.45-nm membrane was the most consistent for swine sera. A negative serum contaminated with bacteria or other substances would draw through the 0.22-nm membrane, resulting in a falsepositive reading. The ELIFA testing procedure is quite labor intensive, but this test can be useful in laboratories that have a specific need for rapid serologic results; however, the accuracy of the test is slightly less than that of the ELISA. The ELISA test is a reliable and relatively rapid test that is not affected by sera that might be of poorer quality and that can be done with less cost.
Identification of porcine mycoplasmas using commercial enzyme assay systems
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Mycoplasmas cause pneumonia, polyserositis, and arthritis in swine. The pathogenic mycoplasmas, several nonpathogenic mycoplasma species, and the acholeplasmas are frequently isolated from the respiratory and other mucosal surfaces of swine. Because mycoplasmas require unique conditions for growth and do not exhibit much diversity in biochemical activity, they are not recovered and identified using standard bacteriological techniques. Identification of the organisms isolated in mycoplasma broth on primary culture has traditionally required testing by immunofluorescence (FA), disc growth inhibition, metabolic inhibition, or other serologic procedures with antibody specific for described mycoplasma species. Identification by serologic means is reliable, but performance and evaluation of these tests require preparation and maintenance of pools of reliable antisera as well as high technical proficiency.
The objective of this study was to investigate the feasibility of using 2 commercial enzyme assay systems a for identification of porcine mycoplasmas. Both commercial enzyme assay systems have been used for identification of a variety of bacteria 2,5,6 and pathogenic fungi. 3, 6 Both systems measure preformed enzymes present within the microbial cell and do not require actual propagation of the organisms. One enzyme assay system (An-IDENT) was designed for rapid identification of anaerobic bacteria, and the other (API-ZYM) for detection of enzyme activities in many specimen sources, such as biological fluids, soil, and microorganisms. Enzyme assays are a potential alternative to immunofluorescence or From the Veterinary Medical Research Institute, Iowa State University, Ames, IA 50011.
Received for publication October 29, 1990. other serologic procedures for mycoplasma identification in clinical and diagnostic laboratories. Fourteen mycoplasmas representing 7 different species either acquired from the American Type Culture Collection or identified at the Veterinary Medical Research Institute, Iowa State University, were evaluated. The organisms and number of strains tested for each species are listed in Tables 1 and  2 , respectively. Acholeplasma sp. and Mycoplasma sp. were grown in appropriate mycoplasma broth as described. 4 All of the cultures were incubated at 37 C for at least 24-48 hours and harvested during the logarithmic phase of growth. Thirty to 60 ml of log phase culture was required to provide enough cells to perform an assay. Cells were harvested by centrifugation at 17,300 x g for 15 minutes at 3 C and resuspended in distilled water at a density equivalent to a MacFarland standard No. 5. 1 Each cell suspension was inoculated immediately into the cupules of a test strip (approx 0.07 ml/cupule) or stored at -70 C for up to 1 week before assay. When cupules were inoculated, 1 drop of cell suspension was streaked onto a blood agar plate and incubated aerobically at 37 C for 48 hours to check for bacterial contamination. After incubation of cells with substrates, appropriate reagents were placed in each cupule, and color reactions were allowed to develop for the recommended time. The color in each cupule was evaluated visually and assigned a value according to the standardized reaction color chart provided for each test system.
The following enzymes were not detected in any species and are excluded from Tables 1 and 2 : α -fucosidase and α-galactosidase (both systems); α-arabinosidase and pyroglutamic acid arylaminadase (An-IDENT); and ß-galactosidase, ß-glucuronidase, ß-glucosidase, and α-mannosidase (API-
